to radioactively label the dsRNA and mRNA and monitor also involves dsRNA, somehow the cell must make both the fate of both molecules. sense and antisense copies of the transgene sequence.
genes that induce silencing but are notably absent from gel, a 5Ј end-labeled mRNA appears as a ladder of bands plants whose transgenes are expressed normally (Hamat 21-23 nucleotide intervals, suggesting that each ilton and Baulcombe, 1999). A correlation with dsRNAmRNA in the population is cleaved only once or twice. induced silencing is provided by the recent report of (Since the mRNA is radiolabeled only at its 5Ј end, cleava nuclease activity isolated from cultured Drosophila age of each mRNA at every 21-23 nucleotide interval S2 cells that had been transfected with dsRNA to initiwould result in an autoradiogram showing only the most ate RNAi (Hammond et al., 2000) . The partially purified 5Ј 21-23 nucleotide piece.) The cleavage of the mRNA nuclease degrades RNA in a manner consistent with the is unaffected by several translation inhibitors but is ATP degradation known to occur during RNAi-it is sedependent. quence specific and will only degrade RNAs matching A Model for mRNA Degradation by RNAi one of the strands of the dsRNA used to transfect the Figure 1 presents a model for how mRNA is degraded S2 cells. The nuclease activity was partially purified from during RNAi. The model is based on the recent observacells that had been transfected with dsRNA, but dsRNA tions discussed above and shows how small pieces of was not added to in vitro assays of the partially purified dsRNA could direct cleavage of mRNA in a sequencespecific and catalytic manner. As shown, when dsRNA nuclease. So, how did the nuclease know which mRNA is introduced into a cell it would be targeted by a dsRNA to degrade? Sure enough, the small 21-to 25-mers coendonuclease to generate short dsRNA pieces, ‫32ف‬ nupurify with the nuclease, suggesting that these pieces cleotides long ( Figure serve a templating function, the model depicts the exchange catalyzed by a helicase domain of the same protein that catalyzes cleavage, but the two activities pieces remaining bound to a dsRNA binding domain (gray) of the enzyme. The protein-RNA complex would could exist in separate molecules. In theory, there are two ways that strand exchange be in equilibrium with free RNA and protein, but according to the model the complex would be the most could occur. Strand exchange could occur by a dissociative mechanism, where the dsRNA strands first dissocistable species and predominate.
In the in vitro system of Zamore and Tuschl, the tarate completely, making the antisense strand accessible for subsequent hybridization with the mRNA (e.g., see geted mRNA is cleaved at sites that are also ‫32ف‬ nucleotides apart, so the model assumes the dsRNA and mRNA Figure 7 , Zamore et al., 2000). Alternatively, strand exchange could occur by an associative mechanism, are cleaved by the same enzyme. As shown in Figure  1B , in the next step the mRNA (blue zigzag) must exwhere the mRNA somehow forms a close association with the base-paired dsRNA and invades the duplex to change with the 23 nucleotide "sense" strand (blue line) of the short dsRNA. During strand exchange, the 23 allow annealing. Figure 1B shows the associative type of strand exchange, since it seems most consistent with nucleotide sense strand dissociates from the enzyme and is replaced by the mRNA. The mRNA is positioned the observation that both sense and antisense strands copurify with the nuclease of Drosophila S2 cells, as just like the original sense strand of the dsRNA and cleaved at the same sites by the ribonuclease active well as the fact that this type of strand exchange appears to be operative in vitro (Homann et al., 1996). site(s) (yellow). Importantly, cleavage of the mRNA regenerates the nuclease just as it was when the cycle Does PTGS by dsRNA Involve an RNase III-Like Enzyme? began, bound to the short sense and antisense pieces. Thus, in the model of Figure 1 , the nuclease is able Although the identity of the RNAi nuclease has not been determined, the characteristics of the short 21-25 nucleto carry out endless rounds of strand exchange and cleavage, perhaps explaining why RNAi appears to act otide RNA pieces suggest they were generated by RNase III or a highly related enzyme (see Rotondo et catalytically (see below).
Although strand exchange between a dsRNA and one al., 1997; Abou Elela and Ares, 1998, and references therein). RNase III is the only characterized nuclease of its strands will occur slowly without a catalyst, to occur on a biological time scale the reaction probably known to cleave dsRNA at specific sites to generate dsRNA fragments of discrete sizes. For RNase III to requires catalysis. Because Zamore et al. (2000) 
